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© Polynucleotide hybridization asaaya employing catalyzed luminescence. 

® The present invention relates to a method for detecting a 
polynucleotide analyte in a sample which comprises: 

(a) contacting the sample, under hybridization conditions, with 
a first and a second polynucleotide probe, the first probe 
having a catalyst attached thereto and the second probe 
having an apoluminescer attached thereto, both probes being 
substantially complementary to substantially mutually excli> 
sive single-stranded regions of the analyte. such that upon 
hybndizaiion of both probes with the analyte, the catalyst and 
the apoluminescer are located dose enough to each other to 
pemiit the catalyst to release from a substrate a translbnna- 
t)0n radical that subsequently transfomis the apoluminescer to 
a luminescer; 

(b) adding the substrate for the catalyst, the substrate being 
capable of conversion to a transformation radtcai by the 
c^lyst and the said radical being capable of convening the 
apoluminescer to a luminescen 

<W (c) irradiating the sample with incidem Bght within the absorp- 
tion spectrum of the luminescer; and 

^(d) measuring the Dght emitted by the luminescer 
IP 

UJ Such a polynucleotide hybridization assay is particularly 
Wuwful for detecting a poiynucleotide analyte in a complex 
«^physologicai sample. «»"P«x 
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"Polynucleotide hybridization assays employing cataJyzed luminescence" 



This invention relates to polynucleotide tiytvitfization 
assays wherein a catalyst-latseled first polynucleotide ptdbo 
and an apoluminescer-lateled second polynucleotide probe 
are both hybridized with a complementary target poly- 
nucleotide analyta in. for example, a physiological sampte. 
A substrate is added to the sample and is converted by the 
catalyst to a transformation radical which in turn converts 
the apduminescer to a himinescer. The sampte is irradiated, 
and the inddem light absorbed by the luminescer is reemlt- 
ted at a different wavelength. Such secondaiy emissions 
can occur only if hybridization has taken place and hence, 
the presence of the target polymideotide is related to the 
amount of secondary light emitted. 

BACKGROUND OF THE INVENTION 

Polynucleotide hybridization assays are used as re- 
search tools for the detection and identificdtion of un^ or 
specific polynucleotide sequences in samples of complete, 
fragmented, or mixed nudetc acid. Various hybridization 
diagnostic techniques have been developed 

Southern, J. Mol. BioL. 92:503 (1975), discloses a 
polynucleotide hybridization technique employing radioiabel- 
ed nucleic acid probes. This procedure pennits autoradiog- 
raphic detection of probe/analytB hybrids and identification 
of the polynucleotide sequence of the analyta However, the 
Southern procedure, as wed as the other diagnostic proce- 
dures employing radiolabeled nudeic acid probes, are very 
complex, time consuming, and have the additional problems 
and expenses generally assodaiad with radioactive materi- 
als such as personnel monitoring and ffigpogat_ Thus, such 
assays have remained a tool of ba^ research and are not 
generally employed in appBed or commercial areas such as 
clinica! diagnosis. 

Ward et al., European Patent Appfication Na 
82301804.9. published June 4, 1982, disdoses composi- 
tions useful as probes in biomedical research and recom- 
binant DNA technology, wherein said probes comprise 
purine, 7-dea2apurine or pyrimicfine convaJentty coupled to 
a moiety capable of forming a detectable complex with a 
polypeptide, sad moiety being coupled to purine bases at 
the 8-position, to daazapurine bases al the 7-position, or to 
pyrimidine bases at the 5-position to form a mocfified 
nudeolida The resulting modified nucleotides are incor- 
porated into DNA l)y nick-translation techniques. 

Ranki, European Patent Appfication Na 82306489.5, 
published May 18, 1983. discloses a technique for the 
sandwich hybridization of nudeic adds, said technique com- 
prising contacting single-stranded nudeic add from a mi- 
CTDorganism with a pair of different nudeic add reagents, 
both reagents of the pair being singlB-stranded and oom- 
plememary with the microorganism-derived nudeic add and 
one of the pair being a nudeic add fragment attached to a 
sofid carrier, such as a nrtroceOulose filter, while the other is 
a nudeic add fragment labeled with a racfoactive maricer, 
wh^eby a labeled hybrid b formed attached to the soOd 
carrier, for the identification of a microopganism or group of 
microorganisms present in a sampla The confectness of the 
identification is tested by detection of the extent of fonnation 
of a labeled hyt^ attached to the sofid carrier. 

Tchen et aL, PCT Appfication PCT/FR82rtK)220. 
published July 7, 1983. (fisdose nucleic add probe com- 
positions which have been chanically mo(fified by thecova- 
lent attachmem of at least one N-2-acety1an^nofluorena 



group to one of the bases of the nucleic add. After hy- 
bridization with the target homologous nucleic add se- 
quence, such hybridization may be detected by the use of 
enzyme-labeled antibodies. 

5 Kourilsky et al.. PCT Appfication Na 

PCT/FR82/00223, published July 7, 1983, disclose DNA 
mdecules modified by covalent attachment of an oTgomer 
of modified ribonucleotides, or a single modified 
ribonucleotide, which provides a means for coupling a 

10 chemical capable of recognition by another molecule or 
product 

Co-pending and commonly assigned U.S. Appfication 
Serial No. 574.630, disdoses polynucleotide probe com- 
positions wtitch contain a polypeptide moiety capable of 

'5 enzymatically activating a zymogen to initiate a detectable 
enzymatic reaction cascada 

Falkow et aL. U.S. Patent 4.358.535 issued November 
9. 1982. disclose a method for detecting the presence of a 
pathogen in a dinical sample by depositing end fbdng said 

20 sample on an inert support and hybricfizing the genetic 
material of the target pathogen to a labeled-mjcleic add 
probe. The label may be a radioisotope, a figaxt, a 
fluorescer. a chemiluminescer, an enzyme, or an antibody. 
Kourilsky et al.. U.K. Patent Application Na 7913031. 

25 published October 31. 1979, disdose a method for detect- 
ing the possible presence of a DNA fragmem in a sample 
comprising the hybridization of the sought fragmem with an 
RNA probe which is coupled to an enzyme either prior to or 
subsequent to the hybridization reaction. The possible pres- 

30 ence of the target nucleic add sequence is revealabie by 
the action of the enzyme-labeled hybritfization product on a 
dvtxnogen substrate. 

Heller et aU European Patent Application Na 
82303701.5. published January 26, 1983, dsdose a het- 

3S erogeneous hybridization diagnostic method which uses 
luminescer-labeled, single-stranded pdynudeotide reagents 
for hybridizing with immobilized sampte angte-stranded poly- 
nucleotides. After separation of the unhybridized reeoent, 
the sampte is exposed to nght.Any subsequem Oght emis- 

40 sion is related to the amount of target polynudeotide In the 
sampte. The tebel may be any of the well known Iwrenes- 
cent systems. 

Heller et aL. European Patem Appfication Na 
82303699.1. published July 14, 1982. disdose a hcsno- 

45 geneous fight-emitting hybridizatnn assay wherein 
tuminescer-labeted fvst and second singte-stnanded reliant 
segments are hybridized with a complementary tainet 
singte-stranded pdynudeotMe from a physiologx^al sample 
such tfiat nonradioactive energy transfer occurs between 

50 the labels of the two reagem segments. At teast one of the 
labels is of the absorber/emittBr type such that energy in the 
form of a photon absorbed from the other Oght label is 
re-emittBd as a cfifferent wavelwigth. Such secorxlary emis- 
sions can only occur if hybridizatten has taken placaThis 

55 system, however, suffers the disadvantage of requirk^ two 
lurrtnescer-tebeled probes of absorber/emitter character cfis- 
thict enough to be abte to dfferentiate one from the other 
by photometric means. Such differentiation may be cfiffcult 
in complex physidogical samptea 

60 The enzyme catalyzed conversion of epotuminescer to 

hmmescer is knowa Brandt et al.. Anal Bkschem.. U, 8 to 
9 (1965); and Keston ei aL Anal Biochem.. it 1 to 5 
(1965): (tatose tha conversion of the nonfluoreaoent 
apoftuorophore diacetyl 2'.r-dichterofluorescen to a fhxree- 

65 cem compound by hydrogen peroxide and perooddase for 
the fiuorometric analysis of ultia in k ao quantities of hydrogen 
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peroxide. Guilbault et al. Anal. ChRm.. 4£l (8). 1255 to 1263 
(1968); Brunvoll. Acta Chem. Scan^ (3), 820 to 821 
(1967): and Guilbauil et al., Anal- Chem. . 3g (2), 271 
(1967), disclose the conversion of the nonfluorescent 
apofluorophores homovanillic acid, p-hydoxyphenyl-acetic 
add. tyrosine or tyramine to a fluorescent compound by 
hydrogen peroxide and peroxidase for the fUiorometnc ana- 
tysts of ultramicro quantities of hydrogen peroxide. Cathcart 
Ayi^. Bipchgnri.. ^ m to 116 (1983), discloses the 
conversion of nonfluorescent apofluorophores to fluorescent 
compounds by hydrogen peroxide and hematin for the 
fluoronietric detection of picomole levels of hydrogen perox- 
ide. The Cathcart reference also discloses that alternate 
peroxides could be employed in place of hydrogen peroxide 
as the substrate for peroxidase or hematin. Norte of the 
above references disclose or suggest the use of 
apofluorophores as labels for polynucleotide probes. 

There is a need in the area of clinical diagnostics for a 
nonradionr>etric homogeneous assay which is fast, simple to 
carry out highly specific and highly sensitive. The assay of 
the present invention fulfills this need. 

According to one aspect of the present invention, we pro- 
vide a polynucleotide probe of the formula 

(Y.-Y„) 

wherein Y, through Yn are the same or different nucleotide 
moieties which collectively form a polynucleotide sequence 
substantially complementary to a single-stranded region of a 
target polynucleotide analyte; provided that at least one of 
nucleotide moieties Y, through Y„ comprises a nucleotide 
having an apoluminescer attached thereta 

According to a further aspect of the present invention, we 
provide a polynucleotide probe composition comprising two 
polynucleotide probes of the formulae 

(X.— Xn) and (Y.-— Yr,) 

wherein 



n is an integer generally within the range 2 to about 500; 

X, through Xn, which are the same or different, are 
nucleotide moieties which collectively fonn a polynucleotide 
sequence substantially complementary to a single-stranded 
region of a target polynucleotide analyte A; provided that at 
least one of nucleotide mc^eties X, through X„ comprises a 
moiety Z where Z comprises a nucleotide having a catalyst 
attached thereto capable of generation, from a substrate, of 
a transformation radical which, in turn, is capable of trans- 
forming an apoluminescer into a hmunescer; and 

Y. through Yn, which are the same or different, are 
nucleotide moieties which collectively form a polynucleotide 
sequence substantially complementary to a singie-stranded 
region of polynudeotkie analyte A differem from, but proxi- 
mate to. the region to which X, through X,^ complemen- 
tary; provided that at least one of nucleotide moieties Y, 
through Y„comprises a moiety Z where T comprises a 
nucleotide having an apoluminescer attached thereto ca- 
pable of being transformed into a luminescer by the trans- 

fonnation radical generated by the activity of the catalyst of 
(Xi*~Xn); 

further provided that (X.~-X„) and (Y.-Ynare selected 



such that upon hybridization with A, the catalyst of 
(X,— Xo) is sufficiently proodmate the apoluminescer of ( 
Y,— Yn ) to effect the desired ti^nsformation of 
apoluminescer to luminescer upon introduction of tiie appro- 
5 priate substrate. 



The sutiiect invention also relates to a method for 
10 detecting the presence of a target polynucleotide analyte in 
a sample, especially a physiological sample, wherein the 
method comprises: 

(a) contacting the sample, under hybridization conditions, 
?5 with a first and a second polynucleotide probe, the first 

probe having a catalyst attached thereto and the second 
probe having an apoluminescer attached thereto, botii 
probes being substantially complementary to substantially 
mutually exclusive single-stranded regions of the analyte. 
20 such that upon hybridization of both prot)es with ttie analyte. 
the catalyst and the apoluminescer are located dose 
enough to each other to pemiit the catalyst to release from 
a substiBte a transformation radical that subsequently trans- 
fomis the apoluminescer to a Imninescer; 

25 

(b) adding tiie substrate for the catalyst, tt>e substi^te being 
capable of converaon to a transfomiation radical by tiie 
catalyst and tiie said radical being capable of converting ttie 
apoluminescer to a luminescen 

30 

(c) Irradiating the sample with Incident light wittiin tiw ab- 
sorption spectrum of the tumrnescer; and 

(d) measuring the light emitted by the luminescer. 

35 

The sutjject invention also relates to a kit for detecting 
tile presence of a target polynucleotide analyte in a sample, 
especially a physiologicaJ sample, which comprises: 

40 

( a) a fi rst polynucleotide probe having a catalyst attached 
thereto and which is substantially complementary to a first 
single-strarxJed region of the ana^te; 

45 (b) a second polynucleotide probe having an apoluminescer 
attached thereto and which is substantially complementary 
to a second single-stranded region of the analyte; the 
second region being substantially mutually exclusive from 
the first region, but cbse enough thereto such that upon 

50 hybridization of ttie first and second probes with tiie analyte. 
ttie catalyst and tfie apoluminescer are dose enough to 
each other to permit tiie catalyst to release from a substrata 
a transfonmation radical ti^at subsequentty converts ttie 
apoluminescer to a luminescen and preferably 

55 

(c) a stAstrate for the catalyst, the substrate being capable 
of conversion to a transformation radical by tiie catalyst and 
the said racfical being capable of converting the 
apoluminescer to a luminescer. 

60 



DETAILED DESCRIPTION OF THE INVENnON 

The present invention provides polynucleotide probe 
compositions, (fiagnostic kits, and nonradiometric hybridiza- 
tion assays useful in ttie detection and kJentification of at 
least one target poiynudeotide analyte in a physk)k)gx:al 
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sample. The sensitivity and specificity of the probes, kits, 
and assays of the present invention render them widefy 
useful in clinical diagnosis and biological research. Exam- 
ples of uses for the probes, kits and assays of the present 
invention include character iz ation of genetic disorders, de- 
tection of particular viruses, microbes or other organisms, 
and identification of specific nucleotide base sequences. 

As used herein, the term "target poiynudeotide an- 
alyte" refers to a segment of single-stranded pbtynudeotida 
having a nucleotide base sequence conne^xsnding to a 
genetic element whose presence in a sample, ag. a phys- 
iological sample is to be detected and/or identified. 

As used herein, the term "substantiaJly complemen- 
tary" refers to sufficient nucleotide base sequence homol- 
ogy between a polynudeotide probe and its target analyte 
to permit formation of stable probe-analyte hybrids 

As used herein, the term "physiological sample" 
means a sample of blood, urirw or otfier biotogical tissue, 
either unprocessed or processed, containing the DNA or 
RNA of interest 

As used herein, tiie term "substantially mutually exclu- 
sive" means that upon hybridization of the first and second 
probes with the target analyte. the two probea should not 
compete for the same nucleotide base sequence on ths 
analyte to the extent that hybridization is preverrted. In one 
particular embodiment, spacing of the two DNA probes 
would have the 3'-temiinal nucleotide of the first probe 
approximately ten bases away from the S'-terminal 
nucleotide of the second probe. This will space the termini 
such ti^at they are on the same side of the helix and thus 
position the catalyst and apduminscer groups m the most 
favorable portion with respect to each other. 

As used herein, the term "hybridization conditions" 
means those conditions whk::h wiD enable the first and 
second probes to fomt stable probe-analyte hybrids. The 
piC9>er hybridization conditions wBI be determined by the 
nature of the catalyst and apoluminescer employed, ttie 
length of the polynucleotide probes and the guanosine plus 
cytosine content of the probes artd the target polynucleotide 
analyte. 

The term "fluorescent" generally refers to luminescent 
compounds having the characteristic of re-emrtting absorbed 
incident energy in about 10" 6 to 10" 3 seconds, whSe the 
term "phosphorescent" refers to luminescent compounds 
which take longer to re-emit absorted irxadent energy. Also, 
depending upon the source of incident energy (le. photons, 
charged particles, chemical phenomena etc.) luminescent 
ccxnpounds are rsferred to as cherraluminescent 
biohiminescent, electrolumhescent photoluminescent, etc 

The term "apoluminescer" refiers to any nonlumines- 
cem compound which, upon activation by a "transformation 
radical", converts to a luminescer. Likewise, ttie term 
"catalyst" as used herein refers to a molecular species (ag. 
an enzyme) or composition capable of releasing an appro- 
priate transformation radk^ from a substrata 

For example, a hydroxy (OH*) transfonnation ratScal 
can be produced by a number of well known catalysts (ag., 
horseradish peroxidasa hematin, metal cations, especially 
EDTA-Fe III complexes, microperaxidasa and other redox 
enzymes) acting upon an appropriate substrate (ag., molec- 
ular oxygen, hydrogen peroxida MECXDH. EtOOH, 
J-butylhydroperoxida Bnoleic hydroperoxida cholesteral 
5-hydrcf)efoxide and cumen hydropertBdde). The (OH") 
radical wiD then convert the apotununescer to the cor- 
responding luminescer (CLg. activated diacetyhfich- 
lorolluorescin to dicttlorDfluorescin. homovanilUc acid to 
2.2'-dihydnRy-3.3*-(fimettiGKybiphenyl-5,5'-diacatic abd, q 
-hydroocyphenyt-acetic acid to 



2,2'-dihydro(xybiphenyi-5,5'-diacetic acid, tyrosine to 
2.2'-dihytiroxybiphenyl-5,5'-dialanine, tyramine to 
2,2*-dihydraxybiphenyl-5,5'-diBthylamina luminol to 
3-amtnophthaIic acid plus light and g-hydroxyproprfonc acid 

5 to 2,2'-dihydroxybiphenyl-5,5*-diprop)onlc acid). 

These catalysts, substrates and apoluminescers are 
readily available from many commercial sources. 

As used herein, "polynucleotide" refers to a polymer of 
ribonucleic acki (RNA) or deoxyribonudek; aad (DNA), 

10 which can be single- or douUe-stranded. optionally incor- 
porating or comprising synttietic, non-natural, or altered 
nucleotides capable of incorporation into DNA or RNA 
polymers. Probe polynucleotides, can be conveniently iso- 
lated in useful quantities by doning and amprification of 

75 polynucleotide sequences complementary to target poly- 
nucleotides in plasmid or phage vectors, using technkiues 
tiiat aro now conventional to those skilled in ttie art A 
useful reference covering rrwst aspects of DNA manipda- 
tion is Maniatis et al.. Molecular Clonino. ^Kpr^itr^ 

20 Manual . (Cold Spring HartXM* Laboratory, 1982). iho disclo- 
sure of whkrfi is incorporated heran by reference. 

An exemplary cloning vehicle for production of useful 
quantities of probe potynudeotides is plasmid pBR322 
(ATCC 37017), which is described in detafl by Rodriquez, 

25 et a. in Molecular Clo nino of Recombinant DNA. (Scott, 
ed. Academic Press. New Yorit. 1977, p. 73). Ttas plasmid 
contains single Pstl. Baml . g^jR^ tilOSlI". and ^ reslrio 
tion endonudease recognition sites, in addition to genes 
conferring resistance to tiie antibiotics tetracycTme and am- 

30 piciUin Plaanid pBR322 DNA can be ampUfied by growth of 
bacterial ceHs containing this plasmkl in the presence of 
chtorampherttcol (170 pg/ml) according to the m^hod of 
Clewell. J. BactBrioL 11^:667 (1972); and purified by the 
cleared lysate procedure of Guerry et al, J. BacterioL 

35 11£:1064 (1973). prior to digestion with an appro priate 
endonudeaaa For example, digestion witii 2s3^ inactivates 
the ampic9fin resistance maricer and generates "sticky 
ends" suitable for ligation to a probe polynudeotide sMIarly 
cleaved wtth Psp. The resulting recombinam plasnwd can 

40 tiien be ernployed to transfbmi a suitable host baclsriun, 
ag.. E. cdi K12 or HBiOi. Upon growth in the presence of 
chtoramphenicd. high plasmid copy nuntbers can be at- 
tained and the recombinant plasmid DNA isolated' and puri- 
fied as previously described. 

45 However, a particularly preferred vector for production 

of probe pdynudeotides is a coiiphage. Ml 3, (ATCC 
15669-B1) which, like pBR322, is now commerdaUy avail- 
able (New England Nudaar Corporation. Boston, Massa- 
chusetts, USA). DNA fragments obtained by (figestion of 

50 phage DNA and DNA complementary to a target DNA of 
interest can be jdned, amplified, and subsequently purified 
in singte-stranded fbniLThe use of Mi3 phage as a cksnsig 
vehicle has been described by Messing. Recombinant DW\ 
Tech. Bull ^43. (1979). the disclosure of which Is hereby 

55 incorporated by referenca 

Z and Z' of the present Invention are nucleotide moiet- 
ies witttin (X.— X„) and (Y.—Ynrespectively. CM coursa 
the catalyst and apoluminescer of Z and Z' need be dose 
enough together (after hybricfization of PC— X„) and ( 

60 X,— Yo) with the target analyte) so that the tranalonnafion 
radical resulting from the ectivity of the catalyst can tiBns- 
form the apoluminescer to a luminescer.ln ttus regard, &ie 
placement of Z and Z' on probes (X.— X„) and (Y,— Y □) 
should result after hyt)ridization, in Z and Z* being no more 

65 titan about 100 base-pairs apart Preferably, Z and Z* are 
located at the 3' terminal position of (X,— Xn) and the 5* 
terminal position of (Y,— Yn) respectively (or vice vere^ so 
ttiat upon hybridization of both probes with the target an- 
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aJyte. the labeled 3' terminal position of one of the probes 
will become continuous {lined up head to tail) with the 
labeled 5* temiinal position of the other ppDbe. Thus, If the 
catalyst-labeled probe is labeled at its 3' terminal position, 
the apoiuminescer-labeled probe should be labeled at its 5" 
terminal position so that after hybridization, the catalyst is 
within none or a few analyte nucleotide base pairing spaces 
of the apoluminescer. 



Z and Z' can be independent nucleotide units which 
are inserted by known techniques (e.g., nick-transiation or 
direa synthetic routes) into the polynudeotkle precursors of 
(Xr--Xn) and (Y,— Yn) respectively, or a nucleotkje within 
either or both of the polynucleotide precursors of (X,— X„) 
and (Y,— Yn) may be modified to produce Z or Z* as 
appropriate. Z and 2' are nucleotide moieties of the formula 



wherein 
Ri Is BR5; 
where 

B is a base residue; and 

R8 is H or T, where T is a catalyst in the case of Z, and an 
apoluminescer in the case of Z*; 

R2 and R3 are H. OH, T, a phosphate group or groups, an 
adjacent nucleotide moiety, a phosphate group covalently 
linked to a moiety T or to an adjacent nucleotide moiety or 
a phosphate group covalently linked to a moiety T and an 
adjacent nucleotide moiety; and 

R* is H, OH, a phosphate group, or T. 



Thus for at least one of nucleotide nwieties X, through Xn, 
R' is BR5 and R5 is T (a catalyst), and for at least one of 
nucleotkJe moieties Y, through Y„. Ri is BRs and Rs is T 
(an apoluminescer): or, aftematively. R2. R3, or R4 com- 
prises a moiety T. 



Adjacent nucleotides are covalently linked by formation 
of 3'-5' phosphodiester bonds. Subscript n, indfcating the 
number of nucleotides, nxxTrfied or unnxxJified, is an integer 
generally within the range 2 to about 500. Preferably, n wiU 
have a value between 5 and 50. In general, probes com- 
prising synthetic oRgonucteotides will consist of relatively 
few total nucteotides, while probes derived from nudek; acid 
digest products will have a greater number of total 
nucleotides. 

Base residue B can be any purine, mocfified purine, 
pyrimidlne, or mocfified pyrimidine base capatiie of stable 
incoipo ration into a single-stranded polynucleotide without 
significantly affecting the capacity of the polynucleotide to 
form hybrids with target polynuclsotides haviig substantial 
complementarity. However, a common feature of an base 
r^dues B useful in the present invention is a point or 
points suitable for attachment, preferably covalent of a 
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catalyst or an apoluminscer as the case may be. Thus, 
apart firom the "classic" bases adenine, guanine, cytosine, 
uracil and thymine, other, less common bases. e.g., 
5-methytoytosine. 5-hydroxymethylcytosine, orotic add de- 
rivatives, methylated bases. e.g.. l-methyfguanine. eta, can 
optionally be incorporated into the probes of the present 
invention. 

Further, nucleotides Z and Z' can optionally comprise 
various substituents. whk^ can be linked to either base or 
sugar portions, and which do not deleteriously affect the 
capability of the resulting polynucleotide to form hybrids with 
complementary target polynucleotides. 

Polymer "tails" comprising a number of nucteotides 
appropriate for conjugation to catalyst or apoluminescer can 
be added to probe polynucteotkJes by use of calf-thymus 
tenninal deoxynudeotidyl transferase (TdT). which catalyzes 
the additkxi of decocynudeotides to the 3'-hydroxyl ends of 
single- or double-stranded DNA. as disclosed by Roychoud- 
hury et al.. Nucteie Aeiris R«i ^:ioi (1976). 

The catalysts and apoJuminescers can be coupled via 
a 5* phosphate or 3* hydroxyl linkage to one or more 
nucleotide moieties of p(.— X„) or (Y,— Yn). or, in the 
attemative, directly or by an ester or other linking group to a 
2', 3* or 5* carbon atom of one or more of such nucleotide 
moieties. 

Alternatively, the catalysts and apoluminescers can be 
coupled to nudeotkle moieties through crosslinker or Gnking 
groopa'Crosslinker" or "linking group" refers to a moiety 
derived from a bifunctional molecule R*-L-R", wherein R* 
and R" are the same or dHferent and represent such 
functional groups as -NH„ -CO.H. -CO,R. where R* 
and/or R" is for example, Z-hydroxypyridine. N- 
hydroxysuccinimide, -COzMe, or other active esters, ac- 
ylimidazote. maleimide, trifluoroacetats, diketene, im- 
idoesters. sulfonate esters. intine. -CHO. 
i.2-cyctohexanedk)ne. glyoxal. suifenyl hafides. alpha halo 
ketiwes. azkJe. eta, and L is an alkylene or substituted 
aflcylene group preferably of at least three carbon atoms. 
Alkyiene chain L can be substituted with such common 
substituents as halogen. (I, Br. O, F). hydroxy, cyano. 
phenyl, amino, carboxy. alkyl. alkoxy and others. Further, 
the alkylene chain of Bnker L can be intemxpted by one or 
more bivalent groups. e.g., -O-. -S-. -NH-. -CH-CH.. 
-C*C-, phenyl, -SO,-, eta However, functional group R' 
must be capable of fonning, under appropriate conditions, a 
covalem bond with a nitrogen or cartx)n atom of base 
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residue B. a cartxm atom on the sugar moiety {5'-c), or the 
OH of the 3*-c, and functional group R" must be capable of 
forming, under appropriate conditions, a covalent bond with 
a side chain or terminal amino, carboxyt, suifhydryt, or 
carbohydrate group of the catalyst or apoluminescer.Thus, 
bitunctional molecule R'-L-R" is reacted by appropriate 
techniques with a base (or sugar) residue or modified base 
(or sugar) residue of a nucleotide forming a conjugate of 
base residue B (or sugar) and said nucleotide joined by an 
amide, ester, amine, imine, sulfonamide, thioester, jios- 
phate, or thiophosphate linking group L collectively fonning 
moiety Z or Z* as the case may be. Clearly, the choice of 
linking group R'-L-R" and a particular conjugation chemistry 
must reflect the need to preserve other macromolecular 
bonds critical to the integrity of the resulting probe molecule, 
i.e.. peptide. N-glycosidic, and phosphodiester bonds. 

Examples of bifunctional molecules include N- 
succinimidyt 4-glyoxalylben2oate. carbonyl imidazole. 
^'"Sthyl suberimidate, 
l-ethyl,3-dimethy!amjnopropylcarbodilmide (EDAC), para- 
nitrophenyf 3-(2-bn)mo,3-ketobutylsulfonyl)propionate or oth- 
er active esters, glutaraldehyde. substituted alkenes of the 
general formula NH,(CH.) „NH,. and other suitable 
equivalents. 

After hybridization, a substrate for the catalyst Is ad- 
ded. The catalyst then acts upon the substrate and cortvens 
it to a transformation radical It is important to remember 
that the substantiafly mutually exclusive regions of the target 
analyte to which the labeled probes have hytaidized must 
be sufficiently dose enough to permit the radical, generated 
by the catalyst's action on an appropriate substrate, to 
convert the apduminescer to a kjmlnescer. 

After hybridization has taken place, the sample must 
be exposed to a means for exdling the luminescer. This 
can generally be accomplished by inadlating the sample 
with the appropriate Dght wavelength. By "apjropriale" is 
meant a wavelength within the absorption spectrum of the 
luminescer. If the luminescer is present in the sample, it wffl 
absorb the light energy and re-emit such energy as Bght of 
a different wavelength. The detection of this fight response 
can bo accomplished with numerous detection devices 
which are comn>efciany available e.g.. a spectrofiuorimeter. 
Such secondary emissions of light energy can only occur If 
hybridization has taken place. Hence, the presence of the 
target nucleotide analyte is indkialed by such secondary 
emissions, and the amount of target nudeotkJe analyts in 
the sample is related to the amount of secondary light 
emittecL 

The present invention provides kits for detecting the 
presence of at least one target pofynudeotide analyte in a 
sample, particulariy a physiological sample. By the term 
"kit" is meant a packaged comUnation of oontaineis holding 
the necessary reagent elements for detectBig the presence 
of at least one targ^ analyto. 

Where more than one target analyte is sought, the kit 
must comprise a multipla of catalyst-labeied probes within 
whch there is one catalyst-labeled probe that is substan- 
tially complimentary to a first single-stranded region of each 
target analyta The catalyst label emptoyed may be the 
same or different for each target analyta The kit must also 
comprise a multipfe of apoluminescer-labeted prcAes within 
«rt*htfiere is one labeled probe that is substantiafly com- 
pBmentary to a .seoond single-stranded region of each target 
anahrte, the second region being substantially mutuaSy ex- 
dusfVB from ihe first region. The apofumtnescer label used 



must be different for each target analyte. Finally* the kit 
must also comprise a substrate for the catalyst label(s), 
wherein the substrate is capable of converskxi to a trans^ 
formation radrcal by the catalyst(s). 
5 The foflowing Examples illustrate various aspects and 

embodiments of the subi^ inventkxv In the Examples, an 
parts and percentages are by weight unless othenwise in- 
dk^ated. 

10 EXAMPLES 



Preparation of DNA probes I and II 

IS DNA probe I (DNA PI) is prepared by synthetic 

oligonucleotide synthesis as commonly perfonned. It is a 50 
base sequence corresponding to the Mi3 mp8 regkm des- 
ignated from residue 976 to residue 1025. The sequence is: 
5'..AGGTCGACGGATCCCGGGGAATTCGTAA TCATG- 

20 GTCATAGCTGTTTCCTQ^.3'. TTiis sequence is present in 
the M13 mp8 genome but is absent from the wiW type 
phage. 

DNA probe II (DNA DU) is also prepared by standard 
synthetic ofigonudeotkJe syntiiesis technkiues. It is also a 

25 50 base oligomer which corresponds to residues 1035 to 
1084 of Ml3mp8DNA. IhQ sequence is: 5'.«QTTA 
TCCGCTCACAATTCCACACAACATACGAQCCGQAGC- 
ATAAAGTQTA...3'. This sequence is also absent frooi the 
wikJ type phage. The intervening sequence from the 

30 3'-tenninal nucleotide of DNA PI to ttie 5*-tBniiinal residue 
of DNA Pll is 10 nucleotides although it couU be as few as 
1 or as many as 50. The 5*-phosphate form of these 
oligomers is prepared by standard synthetic or enzymatte 
procedures. 

Proparatkm of rO tailed probe DNA 

This procedure folk>ws the method of Roychoudwy. 
Jay and Wu (Nudeic Adds Research. a:lOM06 (197B», 

40 100 pg of DNA PI (or DNA Pll) (2.4 x 10*8 moles 
3'-endsmiQ and 1.3 x lO-s molesftnl of gumsim 
5'-triphosphalB (OTP) are incubated with 1 x 10" units AnI 
of temiinai deoxyribonudeotido transferase in a volume of 
250 }jl of 140 mM potassium cacodylate (pH 7,6) contain- 

45 ing 20 mM tris-HCl, 0.1 mM dithkrthraitol and 1 mM cobalt 
chtoride for 4 hours at 37"C. The nudex; add is isolated by 
filtratwn thnxigh a 1 x 15 cm Sephadex Q-25 column 
duted with distilled water. Analysis of the readkm by nm- 
ning a comparison reaction with [3H]-labeled GTP indkatas 

50 the number of guanosine ribonudeotide residues added. 
This can be done in an anatogous manner witti DNA Pll. 

EXAMPLE I 

55 

HRP AS CATALYST, DADCAR AS APOLUMINSCER. 
(0H-) AS TRANSFORMATION RADICAL 



60 Conjugation of Horseradish Peroxidase to RSxxHJdaotide 
Tailed Pdydeoxyribonudeotides: 

100 pg of DNA PI-rG (or DNA PII-K3) tailed DNA 
(606 nmoles 3*-ends/mO is incubated in 0.1 mMolertnl so- 
65 cfium meta periodate (NalOO tor 30 minutes at 22*0. 
Horaeratfish peroxxlase is added to a concentration of 60^ 
nmotesftm with the nuclek; add concentration now ac^u^ 
to 202 nnxiles 3'-ends/riil and the mixture incubated for 2 
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hours at 25*0. Sodium borohydride (NaBH.) is now added 
to a final concentration of 0.375 pmoles/ml. with a final 
nucleic acid concentraoon of 151 nmoles 3'-ends^l. and 
the reaction is incubated for 3 hours at 4«C. The mixture is 
dialyzed against 10 mM KPO* (pH 7.4) containing 100 mM 
NaCI at 4»C. The resulting mixture is separated on a 0.7 x 
50 cm coIunin containing Sephadex G-iOO by elution 
against the same buffer. Product DNA PI-HRP conjugate is 
identified in fractions absorbing at 260 nm, containing [3H] 
activity and peroxidase activity as confirmed by assay 
against diacetyl (fichlorofluoresctn. 

'Preparation of 2',7'-dlchloro-5-aminofluorBscin ^a(??tate 
PADCAFI) 3*-end conjugates: 

Synthesis of the DADCAFI apofluorochrome procedes 
by the procedure of Steinbach (Acta Histochem. 49: 
19-34. 1974). 100 g of 4-nttrophthalic acid and 100 g of 
4-chlororesoncinol are mixed and melted at 180*C for 4 
hours. After cooling the mixture is finely ground and sus- 
pended in 200 ml of boiling 0.6N HCI. The insoluble crude 
2'.7*-dichtoro-5-nitrofluorescin is filtered in a buchner funnel, 
washed with 5Jt of boiling water and dried at 100° C. 100 g 
of the crude material is dissolved in 250 g of acetic anhy- 
dride and refluxed for 2 hours. Pure 
2'.7'-dlchk)ro-5-nitrofluorescin crystallizes by cooling to 
4»C. The compound is recovered by filtration in a buchner 
funnel and vacuum-drying at room temperature. 

Reduction of 2\7'-dichloro-5-nitFofIuoresctn diacetate is 
performed as per the procedure of R. Brandt and A. Keston 
(Analytical Biochemistry 1l: 6-9. 1965). Five grams 
(0.0094 moles) of 2*.r -dichloro-5-nltrofluorescin diacetate is 
dissolved in 195 ml of boiling ethanol to which 1.74 moles 
of glacial acetic acid is added. Hve 2-gram portions of zinc 
dust is added and the mixture is stirred for 10 minutes. 
Another five grams of zinc dust is added and the mixture is 
stirred tor 10 minutes more. The zinc is removed by filtra- 
tion and the resulting 2\7*-dichlofO-5-aminofluorescin dia- 
cetate (DADCAFI) recovered by precipitation from chto- 
rofbrm followed by vacuum filtration and drying. Verification 
of the compound structure Is made by NMR, IR, and MS 
analysts. 

100 pg (506 nmoles 3'-ends/ml) of DNA probe l-rG (or 
DNA PIf-rG) is incubated in 0.1 mmoie/ml of sodium meta 
periodate for 30 minutes at 22 ''C. Sodium bjcarbonate- 
carbonate buffer (pH 9.5) is added to a concentration of 0.1 
mmde/ml. DADCAFI is added to a concentration of 20^ 
pmoles/ml (with the concentration of DNA now at 202 
nmakes 3'-ends^ml). Sodium borohydride Is added to a 
concentration of 375 pnioie/mi, with a final DNA concentra- 
tion of 151 nmoles 3'-endsrtnL The mixture is incubated at 
4"C for 3 hours. The resulting mixture is purified by filtration 
on Sephadex G-lOO column chromatography, eluting with 
10 mM KPO. (pH 7.4) containing 100 mM NAa Verifica- 
tion of the conjugatfon is made by 260 nm analysis, and 
assaying for fluorescence by first activating the apofluoroch- 
rome by treatment in 0.01 N NaOH. neutrafizing and adding 
HRP and H,o, and watching for the developmeni of 
fluonoscence emission at 520 nm. 

Preparation of HRP 5*-P-DNA Probe: 

lOOpg of 5*-P-DNA PI (or II) (2.4 x IQ-e mote 
3'-endsftnO is incubated with 1 x 10" ♦ mole^ml of EDAC in 
1 X 10-5 mole/mi morpholine sulfonic acid (MES). pH 5.0, 
for 1 hoir. HRP is added to a final concentration of 3 x 
10'' molamil in a final concentration of sodium bicarbonate- 
carbonate buffer (pH 9.5) of 1 x 10"* moleftnl, with a final 



DNA concentration of 3 x 10* « 3*-ends/ml. The mixture Is 
allowed to incubate for 12 hours at 22»C. Purification is 
accomplished by chromatography on a 2 x 50 cm 
Sephadex G-lOO column eiuted with 10 mM KPO., (pH 
5 7.4). containing 100 mM NaO. 

Preparation of DADCAFI 5*-P-DNA Probe: 

100 pg of 5'-P-DNA PI (or II) (2.4 x lO'S mofe 
10 3'-ends/ml) is incubated with 1 x 10"* mole/ml of EDAC in 
1 X 10' 5 mole/ml MES buffer, (pH 5.0) for 1 hour DAD- 
CAFI is added to a final concentration of 3 x 10* ^ mola/mt 
in a final concentration of sodium bicartx)nate-carbonate 
buffer (pH 9.5) of 1 x 10"* mole/ml, with a final DNA 
75 concentration of 3 x 10-« mole 3*-ends/ml. The mixture is 
allowed to incubate for 12 hours at 22*C. Purification is 
accomplished by chronrjatography on a 2 x 50 cm 
Sephadex G-100 column eiuted with 10 mM KPO.. (pH 
7.4), containing 100 mM NaCL 

20 

Detection of M13 mp8 DNA: 

Activation of DADCAFI conjugated Probe I or II DNA 
is accomplished by incubating the probe in 0.01 N NaOH 

25 for 30 minutes at 22*C. The pH is then neutralized by 
dilution into 10 mM KPO. (pH 7.0). 

54 pg of DNA Probe l-rG-HRP and 54 pg of DNA 
probe-5'-P-DADCAFl are incubated with Mi 3 mp8 DNA 
(0.1 pg to 1.0 pg) in 100 pi of lOmM KPO. (pH 7.0) 

30 containing 100 mM NaQ at 22»C for i hour. H,0, is 
added to a concentration of 1 x 10'' M by adding 2 pi of 
5.1 x 10-6 M H,0,. The samples are vortexed and 
allowed to incubate for one hour at 22»C. Presence of Ml 3 
mp8 DNA is verified by exciting the samples in a micro- 

35 cuvette at 500 nm and observing the resulting 520 nm 
emission. 

Similarty, a system could be utilized whereby DNA 
probe I Is rG-DADCAFI and DNA probe II is 5'P-HRP, 

40 BXAMPIB 11 



HRP AS CATALYST. TYRAMINE AS APOLUMINSCER. 
(OH- ) AS TRANSFORMATION RADICAL 

45 

Preparation of Tyramine ccmjugated to probe DNA-rG: 

100 pg (606 nmole 3'-ends/ml) of DNA probe l-rG (or 
50 DNA PIl-rG) is incubated in O.i nmole/ml of sodium meta 
periodate for 30 minutes at 22*C. Sodium btcartxwiate- 
carbonato buffer (pH 9.5) is added to a concentration of 0.1 
mmola/mL Tyramine is added to a concentration of 20.2 
\swoM (with the concentration of DNA now at 202 nmo( 
55 S'-ends/Ril). Sodium borohydride is added to a concentra- 
tion of 375 pmolesftnl, with a final DNA conceniration of 
151 nmole 3*-ends/mL The nuxture is incubated at 4»C for 
3 hours and purified by Sephadex G-100 column 
chromatography, eluting with 10 mM KPO. (pH 7.4) con- 
60 taining 100 mM Naa 

Preparation of Tyramine coupled to 5*-P-Probe DNA: 

100 pg of 5'-P-DNA PI (or II) (2.4 x 10-8 moles 
65 3'-ends^mO is incubated with i x io*^ moles^ml of 
1-ethy»-(3,3*-dimethyiaminopropyl)cartxxJiimide (EDAC) in 1 
X 10"S molesrtni MES Buffer. (jH 5.0 for 1 hour. Tyramine 
is added to a final concentration of 3 x 10" ' moles/ml in a 
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final concentration of sodium bicarbonate^;artx)nat8 buffer 
(pH 9.5) of 1 X 10' ♦ moles^l, with a final DNA concentra- 
tion of 3 x 10" 9 moles 3'-ends^mI. The reaction is incul)ated 
for 12 hours at 22"C. Purification Is accomplished Ijy 
chromatography on a 2 x 50 cm Sephadex G-100 column 
eluted with 10 mM KPO, (pH 7.4) containing 100 mM 
NaCL 

Detection of M13 mp8 DNA: 

54 |jg of DNA probe l-rG-HRP and 54 pg of DNA 
probe l-S'-P-tyramine are incubated with Mi 3 mp8 DNA 
(0.1 pg to 1.0 pg) in 100 pi of 10 mM KPO. (pH 7.0) 
containing 100 mM NaCI at 22»C fbr one hour. H,0, is 
added to a concentration of 1 x 10"' M by adding 2 pi of 
5.1 X 10-6 M H,0, and tyramine is added to a con- 
centration of 3.3 X 10*6 M. The samples are vortexed and 
incubated for one hour at 22 °C. The presence of Ml 3 mp8 
DNA is verified by exciting the sampli in a microcuvette at 
500 nm and monitoring the emission at 520 nm. 

EXAMPLE 111 



HRP AS CATALYST. LUMINOL AS APOLUMINSCER. 
<0H-) AS TRANSFORMATION RADICAL 



Preparation of Luminol cor^ated to Probe DNA-rG: 

100 pg (606 nmol 3*-ends/ml) of DNA probe l-rO (or 
DNA PII-rG) is incubated in 0.1 nmolertnl of sodium meta 
periodate for 30 minutes at 22 "C. Sodium btcarbonate- 
carbonate buffer (pH 9.6) is added to a concentration of 0.1 
mmole/mL Luminol is added to a concentration of 20.2 
pmol/ml (with the concentration of DNA now at 202 nmole 
S'-ends/mi). Sodaim borohydride is added to a concentra- 
tion of 375 pmdIeAnI). with a final DNA concentration of 
151 nmote 3*-endsftnl. The mixture is incubated at 4"C for 
3 hours and purified by Sephadex G-lOO column 
chromatography, eluting with 10 mM KPO* (pH 7.4) con- 
taining 100 mM Naa 

Preparation of Luminol coupled to 5*-P-Probe DNA: 

100 pg of 5'-P-DNA PI (or II) (2.4 x 10" s mole 
3"-ends/mO is incubated with i x lO"* mole/ml of 
1-ethyl-(3»3'-dimethylaminoprDpyf)cart)odfimide (EDAC) in 1 
X lOrs mola^ml MES buffer. pH 5.0 for i hour. Luminol is 
adde d to a fo^d concentration of 3 X 10*' moleftnl in a final 
concentialibn of socfium bicartx)naleKartxxiate buf^ (pH 
9.5) of 1 X 10~« moleAnl. with a final DNA concentratiQn of 
3 x 10*9 mole 3'-ef)dsM The reaction is ncubeted fbr 12 
hours at 22*C. Purification is a c complished by chromatog- 
raphy on a 2 X 50 cm Sephadex Q-lOO column eluted with 
10 mM KPO. (pH 7.4) contairang 100 mM Nad 

Detection of Mi3 mp8 DNA is carried out in the same 
manner as in the previous examples except that hybridiza- 
tion is detected by mortitori n g for Sght emitted at 430 nm. 

EXAMPLE IV 



Fe-EDTA AS CATALYST. DADCAR AS APOLUMIN- 
SCEa (0H-) AS TRANSFORMATION RADICAL 



Preparation of Fe-EDTA-DNA Probe: 

Triethyl ethylenediaminetetraacetate is prepared by the 
procedure of R. W. Hay and K. B. Nolan (J. Chem. Soa. 

5 Darton Trans, pp. 1348-1351 (1975)). The moo- 
oamlnopropyl derivative is prepared t)y the pnxedure of R. 
Hertzberg and P. Dervan (Biochemistry 23:3934-3945, 
1984). 100 mg of triethyl ethylenediaminetetraacetate (0.27 
mmol) is combined wrth 48 mg (0.29 mmol) of carbonyl- 

10 diimidazole in 2.5 ml of dry dimethytformamide at 22»C for 
30 minutes. 2.6 ml of 1 ,3-diaminopropane (31 rronoO is 
added and the solution allowed to stir at 22'*C fbr 24 hours. 
The product is purified and the triester blocidng gnoups 
removed by standard procedures. 

15 

Preparation of 5'-P-Fe-EDTA: 

100 pg of 5*-P-DNA probe (2.4 x lO" » mote 3*ends/W) 
is incubated with 1 x 10** mol/ml of EDAC in 1 x 10*5 

20 mol/ml of morpholine sulfonic add for 1 hour. Z5 mg of 
EDTA- propylamine is added to give a concentration of 2.4 
x 10" 6 mot/ml in a concentration of sodium t3icaftx)nate- 
carbonate buffer (pH 9.5) of 1 x 10"* mol/rrt, with a final 
DNA concentration of 3 x 10"9 mol 3'-ends/ml). The mix- 

25 tore is allowed to incubate for 12 hours at 22''C. Purifica- 
tion is accomplished by chromatography on a 2 x 50 cm 
G-lOO column eluted with 10 mM KPO. (pH 7.4) cont^rfng 
100 mM NaCL 

Detection of M13 mp8 DNA is carried out as above 

30 utilizing any appropriate probe combination, fbr example, 
DNA probe l-Ka-BDTA-Fe DNA probe II- 
5'-P-«DADCAR; or DNA probe l-rQ>DADCAFI : DNA 
Probe ll-EDTA-Fa 

35 Claliim 



1. A polynucleotide probe of the formula 
40 (Y,-Y,0 

wherein Y. through Yb are the same or different nucleotide 
moieties which coilectrvely form a polynucteotlde sequence 
substantially complementary to a single-stranded reg^ of a 
^ target polynucleotide analyte: provided that at least one of 
nucleotide nrx^ieties Y, through Yn comprises a nudsolide 
having an apoluminescer attached thereta 

2. A polynucleotide probe as claimed in claim l wherein the 
50 apoluminescer is a molecular spodes which when reacted 

with an (OHT ) radical is converted to a luminescer. 

3. A polynucleotide probe as claimed in daim 2 wherein the 
apoluminescer is selected from adh/ated diacetyicSch- 

55 loTDfluorescin, homovanHfic add. fi-hydraxyphenylac^ 
add, tyrosine, tyramine; luminol and fi-hydroxypropriornc 
acid. 

4. A polynucleotide probe composition comprisino two pdy- 
60 nucleotide probes of the fomtulas 

(X,-X„) and (Y,-Y„) 

wherein 

65 

X, through X,i, which are the same or differenl are 
nucleotide moieties which coOectively form a pdynudeodde 
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sequence substantially complementary to a singte-stranded 
region of a target polynucleotide analyte A; provided that at 
least OTO of nucleotide moieties X, through Xn comprises a 
mowty Z where Z comprises a nucleotide having a catalyst 
attached thereto capable of generation, from a substrate of 
a transformation radical which, in turn, is capable of trans- 
forming an apoluminescer into a luminescer and 

Y. through Yn. which are the same a different, are 
nucleotide moieties which coliectivefy form a polynucleotide 
sequence substantially complementary to a single-stranded 
region of polynucleotide analyte A different from, but proxi- 
mate to. the region to which X. through Xn is complemen- 
tary; provided that at least one of nucleotide moieties Y, 
through Y„ comprises a moiety Z' where T comprises a 
nucleotide having an apoluminescer attached thereto ca- 
pabte to being transformed into a luminescer by the trans- 
orm^ radical generated by the activity of the catalyst of 
(Xr-X„); further provided that (X,-.X„) and (Y.-..Y„ ) are 
fleeted such that upon hybridization with A. the catalyst of 
(X.--Xn) is sufficiently proximate the apoluminescer of ( 
Y.-Yn) to effect the desired transfomaiion of 
apoluminescer to luminescer upon introduction of the appro- 
pnate substrate. 



5. A polynucleotide probe composition as claimed in daim 4 
wherein n is an integer from 2 to about 500. 

6. A polynucleotide probe composition as claimed in claim 4 
or daim 5 wherein Z comprises a nudeotide having a 
catalyst attached thereto capable of releasing an (OH*) 
radical from a substrate and V comprises a nudeotide 
having an apoluminescer attached thereto which when reac- 
ted with a (OH") radical is converted to a luminescer. 

7. A method for detecting the presence of a target poly- 
nucleotide analyte in a sample which comprises: 

(a) contacting the sample, under hybridization conditions, 
wim a first and a second polynucleotide probe, the first 
probe having a catalyst attached thereto and the second 
probe having an apoluminescer attached thereto, both 
probes being subsiantiaBy complementary to substantially 
muttiany exdusive single-stranded regions of the analyte 
ajch that upon hybridization of both probes with the analyte. 
the catalyst and the apoluminescer are located dose 
enough to each other to permit the catalyst to release from 
a substrate a transformation radical that subsequently trans- 
forms the apoluminescer to a lunwiescen 

(b) adding the substrate for the catalyst, the substrate being 
capable of conversion to a transformation radical by the 
catalyst and the said radical being capable of converting the 
epoluminescer to a luminescer; 

(c) irradiating the sample with inddenl fight within the ab- 
sorption spectrum of the luminescer; and 



(d) measuring the light emitted by the luminescer. 



5 8. A method as daimed in claim 7 wherein the said first 
and second polynudeotide probes are between 2 and about 
500 nucleotides in length. 

9. A method as daimed in daim 8 wherein the said first 
70 and second polynudeotide probes are between 5 and 50 

nucleotides in length. 

10. A method as claimed in any one of claims 7 to 9 
wherein the apoluminescer is as defined in daim 2 and the 

T5 catalyst is capable of releasing an (0H-) radical from the 
substrate. 
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11. A method as daimed in claim 10 wherein the 
apoluminescer is as defined in daim 3. 



12. A method as daimed in daim io or claim ii wherein 
the catalyst is seleaed from horseradish peroxidase, hema- 
tin, EDTA-Fe III complexes and microperoxidase. and the 
substrate is selected from molecular oxygen, hydrogen oer- 

25 oxide. MeOOH. EtOOH. 1-butylhydroperoxide. linol^ 
hydroperoDdde. cholesterol 5-hydroperoxide and cumen 
hydroperoxide. 

13. A kit for detecting the presence of a target poly- 
30 nucleotide analyte in a sample which comprises: 

(a) a first polynucleotide probe having a catalyst attached 
thereto and which is substantially complementary to a first 

35 Single-Stranded region of the analyte; and 

(b) a second polynudeotide probe having an apdumir^escer 
attached thereto which is substantially complementary to a 
second single-stranded region of the analyte; the second 

^ region being substantialV mutually exdusive from the firat 
region but dose enough thereto such that upon hybridiza- 
tion of the first and second probes with the analyte the 
catalyst and the apotumtnescer are dose enough to each 
other to pemiit the catalyst to release from a substrate a 

45 transfomriation radical that subsequently converts the 
apoluminescer to a luminescer. 



14. A kit as daimed in daim 13 which further comprises a 
substrate for the catalyst, the substrate being capable of 
conversion to a transfonnation radical by the catalyst and 
the said ra(Sca} being capable of com«rting the 
apoluminescer to a luminescer. 

15. A kit as daimed in daim 13 or 14 wherein said 
^Wluntinescer andrty sakJ catalyst is as defb^ 
ciaims2. 3. loorii. 
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